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ABSTRACT

The aim of the present study was to investigate the effect of low concentration of Cr(VI) on proliferation and
self-renewal of hepatic stem/progenitor cells (HSPCs) and their possible mechanism of action. WB-F344 cells, a
rat-derived multipotent HSPCs line, were cultured with various doses of Cr(VI) for 24 hours or 30 days. The results
showed that low concentration of Cr(VI) inhibited proliferation and self-renewal of WB-F344 cells, in which cell
colony formation efficiency and colony diameter were significantly decreased in a concentration dependent manner.
Microarray and gqPCR results revealed that the expression of several genes belonging to Wnt signaling were
downregulated. Consistent with gene expression analysis, treatment of WB-F344 cells with Cr(VI) resulted in
reduction of transcriptional activator S-catenin, together with its translocation from nucleus into cytoplasm. Our
finding suggested that low concentration Cr(VI) inhibited proliferation and self-renewal activity of WB-F344 cells
by suppressing Wnt signaling activity.

Key words: Hexavalent chromium; Hepatic stem/progenitor c&kslf-renewal; Wnt signaling

INTRODUCTION

Adverse health effects of Cr(VI) exposure includad cancer, gastrointestinal symptoms, hypotensiod, renal
failure™?. Based on the findings in animals, the liver viksly to be an important site of cellular uptake@f{V1),
and increased levels of chromium with dose had lm®served in the liver of mice. Correspondinglydsts
demonstrated that Cr(VI) were associated with lidamage such as hepatocytes necrosis and apbitosis
Stem/progenitor cells are of interest clinicallychese of their potential to replenish or repair dged tissue.
Recent studies had indicated that low concentratfdreavy metal ions would affect proliferationlfsenewal and
differentiation of stem cells. Jiang et al. deseditthat cadmium inhibited proliferation and selfiewal acitivity of
prostate stem/progenitor cells by suppressing ajedraoeceptdt. Tamm et al. reported that exposure to MeHg at
concentration comparable to the current developahesitposure of general population inhibited spoatas
neuronal differentiation of neural stem c8lisChen et al. found that submicromolar concentnatid Cr(VI)
strongly inhibited contracting cardiomyocyte deyetent in wild-type embryonic stem cells by activatiof
MAP2K4/7-dependent JNK and MAP2K4-dependent!38

Hepatic stem/progenitor cells (HSPCs), locatedhia tanal of Hering, were demonstrated to have dgptx
regenerate injuried liver by differentiation inteepatocytes and cholangiocyfésin the present study, we
investigated the effect of low concentration of\@j(on WB-F344 cells, a rat-derived multipotent H3line with
well studied®. We focused our attention on Cr(VI) induced chanfjeroliferation and self-renewal capacity of
WB-F344 cells, as well as their possible mecharo$action.
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EXPERIMENTAL SECTION

Cell Culture

The rat pluripotent HSPCs-like cell line, WB-F344lls, were purchased from the Cell Bank of Typet@el
Collection of Chinese Academy of Sciences and weatired in DMEM (Invitrogen, CA) supplemented witB%
FBS (Hyclone, UT), 100 U/mLpenicillin (Invitroge@A), and 100 mg/ml streptomycin (Invitrogen, CAhelcells
were cultured at 37°C in an incubator with a hufiedi atmosphere containing 5% €®ledia were changed every
other day, and cells were split every 4-5 days.

Determination of cellular reactive oxygen species0S)

To determine intracellular accumulation of ROS, WB-F344 cells were treated with different concatitm ( O,
0.1, 0.5, 1, 5, 10, and 5Q@mol/L) of Cr(Vl) for 24 hours. The membrane permeabkindicator
dihydrodichlorofluorescein diacetate (H2DCF-DA) Kiiancheng, China) was used according to the raatwrer’s
directions. Suspended cells with H2DCF-DA stainimgre monitored with an inverted fluorescence micopg
(Nikon, Japan). Reactive oxygen species were d@tedrby comparing the changes in fluorescence sitiemith
those of the histogram.

Colony formation and colony diameter

WB-F344 cells were pre-treated with low concentraii0, 0.1, 0.5, anduinol/L) of Cr(VI) for 24 hours or 30 days.
After then, control and Cr(VI)-treated cells welatpd at 100 cells/dish in 10-mm cell culture dshend cultured
for 7 days in the absence of Cr(VI). The Cells wened with Giemsa solution, and the number ¢drdies was
then counted. Photographs were taken at represengéatas in culture plates. The diameters of idd& colonies
were measured using Zeiss LSM image Examiner softwit least 20 representative colonies were mealsiiom
each independent experiment.

Microarray and Quantitative polymerase chain reacton (QRT-PCR)

WB-F344 cells were treated with Qunol/L of Cr(VI) for 24 hours or 30 days. After themicroarray analysis was
conducted using Agilent Rat Whole Genome 8x60 laysrto analyze ~40 000 transcripts. Gene expreskitm
were ranked and prioritized using |fold change[p2ria to identify differentially expressed gen&amples of total
RNA were isolated from cells used in microarray tigization using SYBR Green-based qRT-PCR. RNA was
reverse transcribed using AMV reverse transcript@se pL cDNA solution was used in a 20-ul PCR tieac
containing 10 pL SYBR premix Ex Taq, 0.4 pL Rox K&ea, Japan), 10 pumol/L forward and reverse primers
Primer sequence for Lefl is-6CAAGGTCAGCCTGTTTA-3/5- GGCCCAGGAATCATGTG-3 for Wisp2 is

5'- AGACAGCAGATTGCCTGAAA-3/5- AGGTCAGGGAAGGTACACTTA-3; for p-catenin is 5
TCCTGCACCACCAACTGCTTAG-35-AGTGGCAGTGATGGCATGGACT -3 The amplicons were
approximately 100-200 bp. The PCR amplificationseaneonducted in 96-well BIOplastics (Axygen, USA) an
Applied Biosystems PRISM 7300 Sequence Detectioste®y under the following conditions: 10 seconds
denaturation and enzyme activation at 95 °C, foldwy 40 cycles of denaturation (95 °C, 10 seconaisjl
annealing (60 °C, 30 seconds). Results were nazethlio-actin to control for differences in RNA loadingjality
and cDNA synthesis. Amplicon size and reaction gjg#y were confirmed by agarose gel electroph@res Each
sample was assayed in triplicate and the mediagshiotd cycle values were used to calculate the ¢blahge
between treated and control samples.

Western blot and immunocytochemistry

Western blot and immunocytochemistry were perforfgdraditional methods as previously decrfb&dPrimary
antibodies againgt-catenin (rabbit anti-human, mouse, rat, and monk€gll Signaling Technology, USA) and
B-actin (Cell Signaling Technology, USA) and appiafr peroxidase-conjugated secondary antibody (Dako
EnVsionTM+ System, HRP) were used according tanthaufacturer’s directions.

Statistical Analysis
All data were expressed as Standard Error. Staistomparisons were performed using Student'stt{f¢ < 0.05
was considered statistically significant).

RESULTS AND DISCUSSION

Low concentration of Cr(VI) did not cause acute cydtoxicity in WB-F344 cells

In order to assess the acute cytotoxicity effec€aivVl) on WB-F344 cells, the cells were treatedhndifferent
concentration (0, 0.1, 0.5, 1, 5, 10, andus@ol/L) of Cr(VI) for 24 hours. The cell morphlogya oxidative stress
were then evaluated. As shown in Fig.1A, cells botthe control and in the Ogmol/L of Cr(VI) treatment group
retained their the typical epithelial cell morphgyowith flat and diamond-shape as previously desctt®.
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However, in the 5Qumol/L of Cr(VI) treatment group, the cells shrumdabecame to apoptosis. Cr(VI) is known as
an inducer of ROS and high amounts ROS induced tfyllCwould lead to cell death or apoptosis. Theref
experiments were carried out to detect the expyedsivels of ROS in the cells with or without Crj\fleatment. As
expected, the cells with 5amol/L of Cr(VI) treatment were clearly present dfidrescence of H2DCF-DA
(Fig.1B), indicating high amount of ROS were progidn the cells. In contrast, control cells andscelith 0.5
pmol/L of Cr(VI) treatment almost did not detectdhescence of H2DCF-DA (Fig.1B). Histogram of fluscence
intensity of H2DCF-DA further showed that, simitar control cells, treatment of WB-F344 cells withl pmol/L

of Cr(VI) produce very low amounts of ROS (Fig.1Thus, our observation demonstrated pmol/L of Cr(VI)

did not cause acute cytotoxicity in WB-F344 cells.
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Fig.1 Morphology and detection of ROS of WB-F344 dis after Cr(VI) treatment

(A) Representative phase contrast images of WB-F344 tehtment with or without Cr(VI). (B) Fluoresaen
intensity of H2DCF-DA (Green) was used for detettmf ROS. Noted that treatment cells with Qusiol/L of
Cr(VIl) were absence of fluorescence (Green) of HERHEA. (C) Accoding to fluorescence intensity of
H2DCF-DA, histogram was made. Histogram revealedt $hl pmol/L of Cr(VI) produce very low amounts of
ROS, but= 5 pymol/L of Cr(VI) significantly increased the prodiarnt of ROS. ** P <<0.01. (A): Scale bars: 100
pm; (B): Scale bars: 5am.

Low concentration of Cr(VI) inhibited proliferation and self-renewalal activity of WB-F344 cells

We then ask if low concentration of Cr(VI) wouldfedt the proliferation and self-renewal activity WB-F344
cells. WB-F344 cells were pre-treated with low cemtcation (0, 0.1, 0.5, anduthol/L) of Cr(VI) for 24 hours or 30
days. After then, control and Cr(VI)-treated cellere plated at 100 cells/dish in 10-mm cell cultdighes, and
cultured for 7 days in the absence of Cr(VI) tortotlhe number and the size of colonies. After 7sdafyculture,
epithelial colonies were formed (Fig.2A). Compatedthe control groups, low concentration of Cr(\Mijibited
colony formation capacity in a concentration-deamdnanner both in the 24 hours and 30 days tredtgreups
(Fig.2B), indicating that low concentration of Ctj\suppressed self-renewal of WB-F344 cells. Treatimof the
cells with 1pumol/L of Cr(VI) for 30 days resulted in the lowedbning efficiency, and cloning efficiency in this
group was 58% of control group (Fig.2B). As for giee of colonies, the results also showed thatitameter of
colony was significantly decreased after Cr(Vl)atraent (Fig.2C), indicating that low concentratioh Cr(VI)
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inhibited proliferation of WB-F344 cells. Treatmenftthe cells with Jumol/L of Cr(VI) for 30 days resulted in a
small-colony morphology, and diameter of colonyhis group was 65% of control group (Fig.2C). Thus; data
demonstrated that low concentration of Cr(VI) intad proliferation and self-renewal activity of W44 cells
especially after long-term exposure.
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Fig.2 Low concentration of Cr(VI) inhibition self-r enewal and proliferation activity of WB-F344 cells.

(A) Representative colony images of WB-F344 cells tneat with 0, 0.1, 0.5, andufnol/L of Cr(VI) for 24 hours
or 30 days. (B) Cloning efficiency (compared to ttohcells) of WB-F344 cell was gradually reducedhwthe
increase of Cr(VI) concentration and exposure ti(@. The diameter of colony (compared to contrdisgds
markedly reduced with the increase of Cr(VI) coricaion and exposure time. *R0.05 and ** P <0.01. (A):
Scale bars: 10am.
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Fig.3 Comparisons between Q-ploymerase chain reacti (QPCR) gene expression patter and microarray
data between 0.umol/L Cr(VI) treated and control samples.

Changes in genes associated with Wnt and Notch saimg by microarray and gRT-PCR analysis

To elucidate the possible mechanisms by which QfiMluced decrease of self-renewal and proliferatid
WB-F344 cells, gene chip were used to screen difttetl gene expression between control and tredtgrenp. In
comparison to control cells, the expression le¥e6&5 genes were changed in the 24 hours treatgreap, and
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969 genes were changed in the 30 days treatmemp gffold > 2), respectively. Among these differentially
expressed genes, we noticed that the expressiehdégenes belonging to Wnt and Notch signalingenghanged.
The expression of Notch signaling pathway relatedeg such as Notch 1, contactin 6 (Cntn6) and Haigy
enhancer of split 1 (Hes1) were upregulated 237 and 3.08 times respectively after 24-hours exgand 2.73,
2.5 and 4.18 times respectively after 30 day expodn contrast, Wnt targeted downstream genes asitymphoid
enhancer factor (Lefl), SP5 and Wnt-1-induciblenaitng pathway protein-2 (WISP2) were downregulatéd,
3.61 and 1.19 times respectively after 24 hoursupe, and 11.5, 6.81 and 2.6 times respectivégr &80 days
exposure. qRT-PCR was performed to validate thelteesbtained from our microarray study. As showrFig.3
the upregulated or downregulated patterns for Nigtetes1, Lefl and Wisp2 obtained from qRT-PCR veamalar

to those in the microarray study.

B-catenin expression and it's subcelluar localizatio

There is accumulating evidence that \BrtAtenin critically regulates hepatic progenitotl geoliferation, and
over-expression or inhibition @-catenin either increases or decreases the ovigmlisize, respectiveli?. In view

of key role of Wnt/B-catenin in hepatic stem/progenitor cells prolifena, our attention were focused on whether
treatment of WB-F344 cells with Cr(VI) influencBscatenin (a key component of the Wnt pathway) esgion and
it's localization in the cells. As shown in Fig.4#keatment of WB-F344 cells with Cr(VI) revealedlght decrease
in B-catenin protein level by western blot analysishatconcentration-dependent manner. To prove wh&u{®')
treatment has any influence on the subcellulartiooeof B-catenin, immunocytochemistry was performed. In the
control group, nearly 50% of cultured cells wemsgly positive for nuclear staining @fcatenin (Fig.4B). In the
Cr(VI) treatment group, especially treatment with @nd 1umol/L of Cr(VI), almost no cells were positive for
nuclear staining o-catenin (Fig.4B), suggesting Cr(VI) treatmentasponsible for the reduction pfcatenin and
its translocation from nueclei into cytoplasm. Batinrtrol cells and Cr(VI) treated cells were madely positive
for cytoplasm staining of-catenin. It is well known that Wif/catenin signaling was activited wh@acatenin
translocated from cytoplasm into nueclei. Therefar, data suggested that the activity VBrtatenin signaling was
suppressed in WB-F344 cells after Cr(VI) treatment.
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Fig.4 Effects of Cr(VI) onB-catenin expression and its subcellular location

(A) Treatment of WB-F344 cells with Cr(VI) revealinglght decrease ifi-catenin protein level with the increase
of Cr(VI) concentration as shown by Western blatné 1: Cr(VI) treatment for 24 hours, Lane 2: Cj(véatment
for 30 days; Lane 3: positifeactin. (B) The number of cells with clear nucletining (black arrow) fop-catenin
was decreased after treatment with Cr(VI). In tbetwl group, nearly 50% of cultured cells weresgly positive
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for nuclear staining (black arrow) @fcatenin. Treatment with 0.5 andpinol/L of Cr(VI), almost no cells were
positive for nuclear staining (yerrow arrow)[®tatenin. (B): Scale bars: H0n.

CONCLUSION

This is the first example to our knowledge of ewdilon the effect of low concentration of Cr(VI) proliferation
and self-renewal and their possible mechanism. present study demonstrated clearly that low comagonh of
Cr(VI) inhibited proliferation and self-renewal adty of WB-F344 cells especially after long-ternxpmsure.
Furthermore, microarray, qPCR affidcatenin analysis indicated that suppression of /BVeditenin signaling
activity may be responsible for Cr(VI) induced retion of cell self-renewal and proliferation ahjiliHowever, the
detailed mechanism of Cr(VI) and WpHtatenin pathway underlying the proliferation anglf-senewal of
WB-F344 cells need further study.
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